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5mm Abstract
We studied the dynamics of surfacea and wake charges induced by a charged particle traversing a
dielectric slab. It is shown that after the crossing of the slab rst boundary, the induced on the slab surface
charge (image charge) is transformed into the wake charge, which overflows to the second boundary when
the particle crosses it. It is also shown, that the polarization of the slab is of an oscillatory nature, and the
net induced charge in a slab remains zero at all stages of the motion.
Introduction
As it passes through a medium, a fast charged particle excites oscillations of the charge density behind
itself [1-3]. These wakeelds and the particle energy losses associated with their excitation have been studied
widely for a variety of media [3-8]. Wakeelds have recently reattracted interest because of the development
of new methods for accelerating particles [9-11].
In most studies of wakeelds it has been assumed that the medium is unbounded. The wakeelds
are excited as the particle enters the medium, or they disappear when the particle leaves the medium,
because of various transient polarization processes which occur near the interface. Among these processes,
the excitation of surface oscillations and the associated additional energy loss have been studied previously
[12-20]. In connection with the development of new particle acceleration methods, numerical calculations
have determined the distance from the sharp plasma boundary at which the amplitude of the wakeeld
excited by an ultrarelativistic particle reaches the same level as in an unbounded medium [21].
Fairly recently, in connection with problems of emission electronics and optoelectronics, the image charge
and the dynamical image potential created by a moving particle has also been investigated. To describe the
process of formation of the image charge, various approaches (quantum mechanical, the hydrodynamic, etc.)
and various models of the medium have been employed [22-25].
In the present paper we analyze the dynamics of reversal of the sign of the charges induced at the slab
boundary (repolarization of the slab) as the particle crosses the interface. The process is found to be of a
nonmonotonic, oscillatory nature. The case of normal incidence of a particle through the slab is considered.
The paper outline is as follows. In section 2, general expressions for the density of wake charge and total
wake charge have been found, using Poisson’s equation. In section 3, general expressions for the density of
induced surface charges and total charges have been found, using expressions for the normal component of
the electric eld in the internal and external space of the slab [26]. We apply the results obtained in sections
2 and 3 to the case when slab constructed from a diatomic cubic ionic crystal or polar semiconductor. In
section 4, the obtained results are discussed.
The electromagnetic eld of charged particle traversing a slab
We consider a fast particle of charge q moving with a velocity u along the z-axis normal to the boundaries
of a slab characterized by a local dielectric function "(!). The time interval t during which the particle moves




Ginzburg and Tsytovich [26] have given the expressions for the electromagnetic eld of a fast charge
passing through a slab. We shall briefly repeat the method of obtaining of these expressions.
Since the problem is homogeneous both in time and directions in each domain z < 0, 0 < z < a, and
z > a normal to the charge velocity, it is convenient to represent all eld components as Fourier integrals
over time and transversal coordinates r = (x; y). Then the Fourier component of electric eld is obtained
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